Effect of cavity preparation design and ceramic type on the stress distribution, strain and fracture resistance of CAD/CAM onlays in molars
Introduction
Ceramic restorations are improved because of their increased translucency and light transmission. 1 Another advantage includes minimal tooth reduction compared with metal ceramics; minimal thermal conductivity; mimic natural dentition because they have desirable properties, including their physical and mechanical properties; excellent biocompatibility to periodontal tissues; reduced plaque accumulation compared with composite resin; and less susceptibility to metal allergies. 2, 3 When an indirect restoration is selected as the treatment option for posterior teeth, the clinician must determine the configuration of the cavity preparation. 4, 5 Several designs have been proposed for preparing all-ceramic resin-bonded posterior restorations, 6, 7 as guided by the particular mechanical and structural characteristics of ceramic restorative materials. 8 The primary causes of failure of ceramic inlay or onlay restorations are cohesive bulk fractures and marginal deficiencies, 9 which manifest clinically as marginal discoloration and secondary caries. 10 Tooth preparation designs for posterior ceramic restorations have been based on traditional cast metal restoration designs, but with more occlusal tooth reduction and with a slightly increased taper. 4 These preparations may involve the removal of considerable tooth structure. 11 As more structure is removed, higher tooth strain and lower fracture resistance may occur. 5 The increased tooth structure loss may increase cuspal flexure, thereby reducing the tooth fracture
resistance, or open the restoration-tooth interface. 12 However, it has been demonstrated that cusp recovery results in fewer failures, likely increasing the longevity of posterior ceramic restorations. 6 Recently, minimally invasive cavity preparations for posterior indirect restorations were demonstrated to present the benefit of conservation of tooth structure, as well as improved stress distribution. 13 However, the performance of posterior restoration is also material dependent. 14, 15 Due to the continuous advancements in dental ceramics and innovative manufacturing techniques, the following question arises: could traditional preparation guidelines for ceramic onlays be modified in terms of minimally invasive therapy?
Several all-ceramic systems, such as leucite and lithium disilicate CAD-CAM systems, have two major recent developments: dentine bonding and stronger 
Material and methods

Teeth selection and cavity preparation
In this in vitro study, forty-eight freshly extracted mandibular molars were selected with the approval The teeth were removed from the cylinder after resin polymerization, and the wax was removed from the root surface and resin cylinder, simulating the alveolus.
The polyether material was placed inside the resin cylinders. 27 The teeth were cleaned using a rubber cup and fine pumice water slurry and distributed into four All the restorations used the minimum thickness of material specified by the manufacturer. All the teeth were prepared using a high-speed handpiece with copious air-water spray, using a cavity preparation 
Ceramic preparation and cementation
An optical impression was made using intraoral until reaching 100 N, when the first strain value was recorded. Then, the load was applied until failure, and the second strain value was recorded (n=7).
The maximum load to cause failure of the sample was recorded (N) for all the samples (n=12). Strain data were transferred to a computer by using specific acquisition signal transformation and data analysis software (AQDADOS 7.02 and AQANALISYS; Lynx, São Paulo, SP, Brazil). (Table   1) . 24, 30, 31, 34 Boundary conditions were defined by the restriction of the movements applied at the external lateral outline and cylindrical specimen support base.
Stress distribution analysis was performed by the quantitative association of the main maximum stresses
by the modified von Mises criteria.
Results
Coronal Deformation (CD)
The tooth deformation values (strain) for the two ceramic restorations and the two cavity preparations at 100 N are shown in Table 2 . Two-way ANOVA showed ceramic type factor (P=0.005) had significant effects on tooth deformation; however, the cavity preparation factor (P=0.426) interaction between the two study factors had no significant effect (P=0.258). The coronal deformation values (strain) for the two ceramic restorations and the two cavity preparations at the maximum fracture load are shown in Table 2 . Two-way ANOVA showed the ceramic type (P=0.020) had a significant effect on fracture resistance; however, the cavity preparation (P=0.426) and the interaction between the two study factors had no significant effect (P=0.258). The Tukey test showed the lithium disilicate ceramic restorations exhibited significantly higher deformation than leucite restorations (P=0.029).
Both cavity preparations had similar deformation, irrespective of the type of ceramic restoration (P=0.258).
Fracture resistance and fracture mode
The fracture resistances in N for the two ceramic restorations and the two cavity preparations are shown in Table 3 . Two-way ANOVA revealed that the ceramic restoration (P<0.001), the cavity preparation (P<0.001) and the interaction between the two study factors (P=0.018) had significant effects on fracture resistance. The Tukey test showed the presence of a box had no significant effect for leucite ceramic Fracture modes: I, fractures involving a small portion of the coronal tooth structure; II, fractures involving a small portion of the coronal tooth structure and cohesive failure of the restoration; III, fractures involving the tooth structure, cohesive and/or adhesive failure of the restoration, and root involvement that can be restored in association with periodontal surgery; and IV, severe root and crown fracture, necessitating extraction of the tooth defined by the moment when stress intensity exceeds a critical value prompting rupture. 32 The periodontal ligament plays an important role in this failure process, because it can deform and accommodate the tooth in the alveolus, which alleviates stress in the cervical region of the tooth. In this experiment, a polyether impression material was used with polystyrene resin to simulate more realistic fractures observed clinically.
27
Other important aspect is the speed employed on the fracture resistance test, structures with ductile characteristics tend to be brittle when submitted to higher crosshead speed load applications. 32 To simulate the tooth fracture with compressive loading, crosshead speeds of 0.5 were used in this study, which allows a better stress distribution inside the restored tooth. When the load is within the elastic limit of the restored tooth, the structural integrity is not affected.
When the tooth structure is removed, more cusp strain is observed, requesting more of the interfaces, and then may reduce the fracture resistance. In this study, the lithium disilicate ceramic groups had significantly higher fracture resistance than the leucite ceramic restoration groups, irrespective of the type of cavity preparation. This may be due to the higher elastic modulus and fracture strength. Effect of cavity preparation design and ceramic type on the stress distribution, strain and fracture resistance of CAD/CAM onlays in molars
